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16.0 Applications of Standard Deviation常態分佈的應用 (Certificate Level中五程度)

(1) Standard Score 標準分
The standard score z is given by

σ
xxz −

=

The standard score is often used for comparison purposes.

e.g. x  of the whole class σ  of the whole class David’s score His standard score

Mathematics test 74 4 76 5.0
4

7476
=

−

Physics test 53 8 65 5.1
8

5365
=

−

Since David’s standard score in the Physics test is higher, his performance in the
Physics test is better than that in the Mathematics test.

(2) Normal Distribution 常態分佈
The frequency curve of a normal distribution is bell-shaped and symmetrical about its
mean. 

For a normal distribution,
(i) about 68% of the data lie in the range x ± σ ,
(ii) about 95% of the data lie in the range x ± 2σ ,
(iii) about 99.7% of the data lie in the range x ± 3σ .

e.g. It is known that the marks of 200 students in a Mathematics test is normally
distributed. If the mean is 63 and the standard deviation is 7, then the number of
students scoring marks between 56 and 70 (i.e. between x－σ  and x＋σ) is
200×68%＝136#
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16.3 The Normal Distribution

1. Comparison of Continuous & Discrete Distributions

Types Continuous prob. distribution Discrete prob. distribution

Examples Normal Distribution
(Gaussian Distribution)

Bernoulli Distribution,
Binomial Distribution,
Geometric Distribution,
Poisson  Distribution.

Graphical
Representation   prob

density
 or

                 x      

f
N







                   x P.392
µ

   f

                         x

Expectation µ =
−∞

∞

∫ x f x dx( )

σ µ2 2= −
−∞

∞

∫ ( ) ( )x f x dx P.399

µ = ∑ x f x( )

σ µ2 2= −∑ ( ) ( )x f x  or 
22 )]([)( XEXE −=

Conditions  
for prob.  
distribution

1. f(x) ≥  0

2. f x( )=
−∞

∞

∫ 1 P.396

1. 1 ≥  f(x) ≥  0
2. f x

x
( )=∑ 1

Probability
Distribution

pdf  (prob density function) P.405

f x e

for x

x

( )=

− ∞ < < ∞

−
−



1

2

1
2

2

πσ

µ
σ

prob. function

f(x) ＝ p px x( )1 1− −   
for  x = 1, 0.

f(x) ＝C p px
n x n x( )1− −  

for  x = 0, 1, 2,L , n.
f(x) ＝ ( )1 1− −p px   

for  x = 1, 2, 3, ⋯.

f(x) ＝
λ λx e

x

−

!
  

for  x = 0, 1, 2,⋯.

Notation N ( µ , σ2 ) P.406 B ( n, p ) / b ( x; n, p ), Geom(p)
Po (λ)
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2. (a) Standard Normal Distribution  Z ~ N( 0, 1 ) P.407

f z e for z
z

( ) ,= − ∞ < < ∞
−1

2

2

2

π
(b) Table of Standard normal prob. (Total area under the curve is equal to 1) P.408
(c) How to read the table： P.408

(i) z＝0.23, Prob.＝0.0910 ⇒   P ( 0 ≤ Z ≤ 0.23 ) ＝0.0910

(ii) (I)  P ( 0 ≤ Z ≤ z )

0 z
(II)  P ( z ≤ Z ≤ 0 )

z 0
(III)  P ( Z ≤ z ) (I) Prob < 0.5

z 0

(II) Prob > 0.5

0 z
(IV)  P ( Z > z ) (I) Prob > 0.5

z 0

(II) Prob < 0.5

0 z
Exercise 16.3 Q6, 7, 9

3. Conversion of N( µ , σ2 ) to Z ~ N( 0, 1 ) by P.409

z
x

=
− µ
σ

Exercise 16.3 Q12, 13, 16, 17
Remarks : For continuous probability distribution P.395

P(h ≤ X ≤ k) ＝ P(h<X ≤ k) ＝ P(h ≤ X<k) ＝ P(h<X<k)
i.e. the prob is not affected by the inclusion or exclusion of the end points.
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Many distributions in daily life may be
approximated by normal distribution.
Example 16.13

16.4 Applications of the Normal Distribution P.420
(a) First type  Ex16.4 Q.1-5

3. Let T be the waiting time for a tram
T ~ N ( 10, 32 )
(a) P ( T≤ 5 ) ＝ (b) P ( 2＜T＜7 ) ＝

＝ ＝

＝ ＝

＝ ＝

＝ ＝

(b) Second type Ex16.4  Q.6-13
12. Let X be the daily earnings

X ~ N ( 500, 602 )
(a) P ( X＞600 ) ＝ (b) P ( X＞x ) ＝ 0.9

＝ ＝

＝ ＝

＝ ＝

＝ ＝

(c) P ( X＜Q1 )＝ 0.25 P ( X＜Q3 ) ＝ 0.75

＝ ＝

＝ ＝

＝ ＝

＝ ＝

∴ IQR ＝ 

(c) Other type
14. Let T be the delivery times

T ~ N ( 30, 102 )
(a) P ( T＞35 ) ＝ (b) P (T＞t ) ＝ 0.2

＝ ＝

＝ ＝

＝ ＝

＝ ＝

∴ Expected  cost ＝

Exercise 16.4 Q17, 20, 25




